Abstract: Neutralino dark matter in supersymmetric models is revisited in the presence of flavor violation in the soft supersymmetry breaking sector. We focus on flavor violation in the sleptonic sector and study the implications for the co-annihilation regions. Flavor violation is introduced by a singleμ R −τ R insertion in the slepton mass matrix. Limits on this insertion from BR(τ → µ + γ) are weak in some regions of the parameter space where cancellations happen within the amplitudes. We look for overlaps in parameter space where both the co-annihilation condition as well as the cancellations within the amplitudes occur. In mSUGRA, such overlap regions are not existent, whereas they are present in models with non-universal Higgs boundary conditions (NUHM). The effect of flavor violation is two fold: (a) it shifts the co-annihilation regions towards lighter neutralino masses (b) the co-annihilation cross sections would be modified with the inclusion of flavor violating diagrams which can contribute significantly. Even if flavor violation is within the presently allowed limits, this is sufficient to modify the thermally averaged cross-sections by about (10-15)% in mSUGRA and (20-30)% in NUHM, depending on the parameter space. In the overlap regions, the flavor violating cross sections become comparable and in some cases even dominant to the flavor conserving ones. A comparative study of the channels is presented for mSUGRA and NUHM cases.
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Introduction
Supersymmetric standard models have a natural dark matter candidate namely, the lightest supersymmetric particle (LSP) if R-parity is conserved [1] . In mSUGRA/CMSSM models, the LSP typically is the lightest neutralino [2] [3] [4] . In most of mSUGRA /CMSSM parameter space, the lightest neutralino is mostly a bino ( B 0 ); the bino component being close to 99%. With the bino cross-section being small, the neutralinos are overproduced resulting in a larger dark matter relic density compared to WMAP [5] allowed range. There are however, some special regions in the mSUGRA parameter space where the neutralino is able 1 to satisfy the relic density limits [7, 8] . These are the (i) Bulk region, (ii) Stop (t) coannihilation region, (iii) Stau (τ ) co-annihilation region, (iv) A−pole funnel region and (v)
1 See also Ref. [6] Focus point/ Hyperbolic branch regions. The various processes which play an important role in each of these sub-cases is shown in Fig. (1) . . Annihilation channels appearing in the Ω DM calculation. V and Z are the chargino and neutralino mixing matrices [9] .
The stau-co-annihilation region requires the mass of the lightest stau,τ 1 to be close to the mass of the LSP. The stop-co-annihilation is typically realized with large A−terms, which is also the case with the bulk region [10] . Among the above depicted regions, discounting the case of large A−terms,τ -co-annihilation and the focus point regions are most sensitive to pre-GUT scale effects and the see-saw mechanism [9, [11] [12] [13] [14] [15] . It has been shown that the co-annihilation region gets completely modified in the SU (5) GUT theory and leads to upper bounds in the neutralino masses [9] . Similarly, in the presence of type I, type II or type III see-saw mechanisms [9, 11, 14, 15] τ -co-annihilation regions get completely modified. Strong implications can also be felt in the focus point regions unless the right handed neutrino masses are larger than the GUT scale [11] . GUT scale effects can even revive no-scale models [16] . It has also been shown that in the presence of large A−terms 'new' regions withτ -co-annihilation appear [9, 17] .
In the present work, we consider flavor violation in the sleptonic sector and study its implications for the co-annihilation regions. In generic MSSM, flavor violation can appear either in the left handed slepton sector (LL), right handed slepton sector (RR) or left-right mixing sector (LR/RL) of the sleptonic mass matrix. However, we concentrate on the flavor violation in RR sector as it has some interesting properties related to cancellations in the lepton flavor violating amplitudes as discussed below. Such flavor mixing is not difficult to imagine. It appears generically in most supersymmetric grand unified theories. A classic example is the SUSY SU(5) GUT model. If the supersymmetry breaking soft terms are considered universal at scales much above the gauge coupling unification scale (M GU T ), typically the Planck scale, then the running of the soft terms between the Planck scale and the GUT scale could generate the RR flavor violating entries in the sleptonic sector [18, 19] .
For demonstration purposes, lets consider the superpotential of the SU (5) SUSY-GUT: where 10 contains {q, u c , e c } and5 contains {d c , l}. As supersymmetry is broken above the GUT scale, the soft terms receive RG (renormalisation group) corrections between the high scale M X and M GU T , which can be estimated using the leading log solution of the relevant RG equation. For example, the soft mass of 10 would receive corrections:
where V ij stands for the ij th element of the CKM matrix. Since 10 contains e c , the flavor violation in the CKM matrix (in the basis where charged leptons and down quarks are diagonal) now appears in the right handed slepton sector. Below the GUT scale, the RG scaling of the soft masses just follows the standard mSUGRA evolution and no further flavor violation is generated in the sleptonic sector in the absence of right handed neutrinos or any other seesaw mechanism. Assuming M X ≈ 10 18 GeV, the leading log estimates of the ratios of flavor violating entries to the flavor conserving ones,
, are 2 given in the Table 1 . We have taken A 0 = 0 and h t ≈ 1. At 1-loop level δ it is roughly independent of m 0 . From the Table 1 , we see that the RG generated δ RR ij is typically of O(10 −3 − 10 −5 ). Such small values will not have any implications on the co-annihilation regions or rare flavor violating decays. While non-universality at the GUT scale in this case is RG induced, there are models where non-universal soft terms can arise from non-trivial Kähler metrics in supergravity, this could be the case in models with flavor symmetry at the high scaleà la Froggatt-Nielsen models (see for example, discussions in [20] [21] [22] [23] [24] [25] [26] ). In such cases, the δ RR 's could be much larger, even close to O(1). These terms would then receive little corrections through RG as they are evolved from the GUT scale to the electroweak scale. Recently, in an interesting paper [27] , supersymmetric models with Left-Right symmetry have been studied with particular emphasis on leptonic flavor violation. In these models, both left handed and right handed sleptonic sectors have flavor violation with the constraint that δ RR (Λ r ) = δ LL (Λ r ), where Λ r is the left right symmetry breaking scale. In such cases it could be possible 3 to generate δ RR ∼ O(10 −1 ).
In this present work, we will follow a model-independent approach and assume the presence of a single flavor violating parameter ∆ RR µτ and study the implications of it for the co-annihilation region. We will consider the simplistic case of universal soft-masses at the M GU T scale with non-zero δ RR 23 which is treated as a free parameter. To distinguish from the standard mSUGRA model, we will call this model δ-mSUGRA and similar nomenclature also holds for the other supersymmetry breaking models which we consider in this work.
While flavor violating entries in the sleptonic mass matrices are strongly constrained in general, the constraints on leptonic δ RR 23 entries are weak in some regions of the parameter space [29] [30] [31] . This leads to the possibility that large flavor violation could be present in the sleptonic right handed sector. In these regions cancellations happen between various contributions to the lepton flavor violating (LFV) amplitudes. If such cancellation regions overlap with regions where sleptonic co-annihilations are important, flavor violation has to be considered in evaluating the co-annihilation cross-sections in the early universe. This is the basic point of the paper where we show that flavor violating processes can play a dominant role in the co-annihilation regions of the supersymmetric breaking soft parameter space. The processes contributing to relic density in these regions are called flavored coannihilations.
It turns out that with mSUGRA/CMSSM boundary conditions, the parameter space where the flavor violating constraints are relaxed does not overlap with theτ 1 co-annihilation regions unless one considers extremely large values of δ 0.8. The overlap is not very significant and is mostly ruled out by other phenomenological constraints. However, if one relaxes the complete universality in the Higgs sector i.e., within non-universal Higgs mass models (NUHM), there is an overlap between these regions, paving way for large flavor violation to coexist with co-annihilation regions.
The fact that in δ-NUHM these regions do overlap has already been observed independently by Hisano et al. [32, 33] . However, they have studied µ → e γ transitions and their co-annihilating partner is not really a mixed flavor state. Further, they have not studied the relic density regions in detail.
In this present work we elaborate on these regions and study the consequences of it. The rest of the paper is organized as follows: In section [2] we discuss the effect on δ in the co-annihilation regions both in the mass of the co-annihilating partner and in the cross section. We also show that overlap between regions of LFV cancellations and co-annihilations are not possible in δ-mSUGRA. In section [3] we show that in δ-NUHM regions do exist where flavored co-annihilations become important. Relative importance of various cross-sections in the flavored co-annihilation regions is elaborated in section [4] . We close with a summary and brief implications for LHC in [5] . In Appendix [A] we have written down the approximate expression of the soft-masses for mSUGRA and NUHM scenario for three different values to tan β. In Appendix [B] we present δ-mSUGRA in more detail using approximate results. Description of numerical packages used and numerical procedures followed are in Appendix [C] . In Appendix [D], we present loop functions which are relevant to the discussion in the text. In Appendix [E] we present the analytic form of the cross-sections for some scattering processes relevant for the present discussions. 
Co-annihilation with Flavor Violation
Co-annihilations play an important role in reducing the (relic) number density of the dark matter particle by increasing its interactions at the decoupling point. It requires having another particle which is almost degenerate in mass with the dark matter particle and should share a quantum number with it [34] . In mSUGRA,χ 0 1 can have co-annihilations withτ 1 in regions of the parameter space where mτ 1 ≈ mχ0 1 . We will now generalize this condition 4 in the presence of flavor violation. As discussed in the introduction, we will consider a single µ − τ flavor mixing term in the RR sector, ∆ µτ RR to be present at the weak scale. Similar analysis also holds for the e − τ flavor mixing. The slepton mass matrix is defined by 's denote the right handed slepton masses.
In the limit of vanishing electron mass 5 and zero flavor mixing in the selectron sector, we can consider the following reduced 4 × 4 mass matrix. This matrix is sufficient and convenient to understand most of the discussion in the paper. It is given by
where, we have taken it to be real for simplicity. The lightest eigenvalue of the above matrix can be easily estimated. The lower 2 × 2 block can be diagonalized assuming that the flavor violating ∆ µτ RR is much smaller than the flavor diagonal entries. A second diagonalization for the stau LR mixing entry can be done in a similar manner. This leads to a rough estimate of the lightest eigenvalue as:
Requiring that the lightest eigenvalue not to be tachyonic, we find an upper bound on δ as follows:
This condition becomes important in regions of the parameter space where µ m 2 τ R and in regions where tan β is very large such that the second term approaches unity. For co-annihilations, δ lowers the lightest eigenvalue of the sleptonic mass matrix. Non-zero δ shifts the 'standard regions' in mSUGRA towards lower values of M 1/2 , for a fixed m 0 . In other words, since the sleptons become lighter, the co-annihilations happen with 5 In all our numerical calculations, we have used the full 6 × 6 mass matrix without any approximations.
This approximation is valid only in models with universal scalar masses, like mSUGRA, NUHM etc.
lighter neutralino masses. To illustrate this point let us consider mSUGRA like universal boundary conditions at the GUT scale. The one exception to the universality of the scalar mass terms particularly slepton mass terms at GUT scale is in terms of the flavor violating mass term (∆ µτ RR ). We will call this model as δ-mSUGRA. Given that the ∆ µτ RR parameter does not run significantly under RG corrections 6 , we can use the MSSM RGE with mSUGRA boundary conditions to study the low energy phenomenology. In Appendix [A.1], we have presented approximate solutions for the RGE of soft masses and couplings in mSUGRA. Using approximate formulae, in Fig. (2) we have plotted, theτ −co-annihilation condition, mχ0 . As we will see, this will not change the conclusions of the present discussion much. We will revisit this point again in the next section.
The presence of δ also affects the relic density computations in the co-annihilation regions . The thermally averaged cross section on which relic density crucially depends can get significantly modified with δ, where flavor violating scatterings are also now allowed. The typicalτ co-annihilation processes in the absence of flavor violation are χ 0
1 → γγ. In the presence ofμ R −τ R flavor mixing, the new vertices related to flavor mixing would contribute to the processes with flavor violating final states. The corresponding Feynman diagrams are shown in Fig.(3) , where µ/τ would mean that the final state could either be a µ or a τ . The relevant Boltzmann equations for the neutralino and the lightest slepton (l 1 ), continue to remain as in the unflavored co-annihilation case, though the masses and the cross-sections appearing in them change. We have computed all the possible co-annihilation channels including flavor violation by adding the flavor violating couplings in the MSSM model file of well known relic density calculator, MicrOMEGAs [35] . The flavor violating co-annihilations contribute significantly to the total cross section and their relative importance increases with increasing δ as expected. So far we have not addressed the question whether such large flavor violating entries in the sleptonic mass matrix are compatible with the existing flavor violating constraints from rare decay processes like τ → µ + γ or τ → µee etc. Constraints from such processes have been discussed in several works. The constraints on right handed (RR) flavor violating sector are different compared to those of left handed (LL) sector as they only have neutralino contributions and have no chargino contributions. Furthermore the two neutralino contributions 7 can have cancellations amongst each other in certain regions of the parameter space as elaborated in refs. [29] [30] [31] . Following [30] , the branching ratio for τ → µ + γ can be written as in the generalized mass insertion approximation 7 These are the pureB 0 and the mixedB 0 −H 0 diagrams, as depicted in Fig.(4) .
where I B,R and I R are loop functions are given in Appendix [D] . This amplitude is resultant from the two diagrams shown in the mass-insertion approximation in Fig. (4) . The first one is a pure Bino (B 0 ) contribution whereas the second one is a mixed Bino-Higgsino (B −H 0 1 −H 0 2 ) contribution. There is a relative sign difference between these two contributions and thus leads to cancellations in some regions of the parameter space. In δ-mSUGRA, these cancellations occur when mτ R ≈ 6M 1 or equivalently µ 2 m 2 τ R [30] . In regions outside the cancellation region the limit on δ RR is of O(10 −1 ) for tan β = 10 and for a slepton mass of around 400 GeV [36] using the present on BR(τ → µ + γ) ≤ 4.4 × 10 −8 [37] . In the cancellation region however the bound on δ is very weak and δ could be O(1). A large δ ∼ O(1) 8 would increase the flavor violating cross sections in the early universe. The current bounds already push the value of δ ∼ 10 −1 for reasonable values of slepton mass ∼ 400 GeV and tan β ∼ 10. We look for regions where the bound is significantly weakened due to cancellations. This would require that there should be significant amount of cancellations among the flavor violating amplitudes to escape the bound from τ → µ + γ. In Fig. [5] , we have presented the numerical results for mSUGRA with each panel representing a different value of δ (0.2, 0.4, 0.6 and 0.8). tan β is fixed to be 20 and sign(µ) is positive. The details of the numerical procedures we have followed are presented in Appendix [C] . In all these plots, we have shown contours of BR(τ → µγ) and the coannihilation regions. The other constraints shown on the plot include, the purple region which is excluded as the LSP is charged, (ml
); the translucent black shaded region is excluded by search for a light neutral higgs boson at LEP, m h < 114.5 GeV, the light green region where the chargino mass is excluded by Tevatron, m χ ± i < 103.5 GeV. The co-annihilation region has been computed including the flavor violating diagrams in the thermally averaged cross-sections. The relic density is fixed by the recent 7-year data of WMAP which sets it to be [5] ,
In the blue shaded region the neutralino relic density (Ω DM ) is within the 3σ limit of [5] , i.e., we require it to be 0.09
From the first panel of the figure, for δ = 0.2 we see that there is no overlap in the regions where cancellation in the amplitudes for τ → µ + γ happens (around BR(τ → µγ) 10 −10 ) and the co-annihilation region (blue region). With increasing δ, as can be seen from subsequent panels, the co-annihilation region moves towards the diagonal of the plane as the slepton mass becomes lighter, and the cancellation region which requires mτ R ≈ 6M 1 also moves towards the diagonal with increasing δ. However, within δ-mSUGRA these two regions do not coincide except partially at the top end of the spectrum close to the upper bound of the the co-annihilation region. From Fig. (5) we can see that a very large (δ 23 RR 0.8) is required to make the cancellation region consistent with the co-annihilation region. In δ-mSUGRA having such large δ is consistent only very specific points of the parameter space (please see Appendix B for more discussion). Hence, we can infer from the above figures that within the δ-mSUGRA scenario the cancellation and co-annihilation region are disparate and no simultaneous solution exists. While the present discussion was based on numerical solutions for a particular tan β, one can easily convince oneself that it would be true for any tanβ by looking at the analytical formulae. In fact, in the co-annihilation region, the branching fraction can be evaluated in the limit (mτ R → M 1 ) and is given as
where, we have used |µ| 2 ≈ 0.5m 2
It is important to note that, the above expression obviously does not permit any cancellations. Thus within δ-mSUGRA, flavor violation in the co-annihilation region even if present would be constrained by the existing leptonic flavor violating constraints. In the following we see that this situation is no longer true in case, when, one relaxes the strict universality of the δ-mSUGRA and considers simple extensions like non-universal Higgs mass models.
Before proceeding to δ-NUHM, a couple of observations are important. Firstly, apart from the cancellation regions, the present limits on BR(τ → µ + γ) constraint |δ| 0.11 − 0.12 for tanβ of 20 and slepton mass of around 200 GeV (M 1 2 ∼ 500 GeV) in the coannihilation regions. Since such values of δ are allowed by the data, one can consider them to be present in δ-mSUGRA. A larger value of δ would be valid for larger slepton masses. As discussed, this would lead to shifts in the parameter space of the co-annihilation region corresponding to mSUGRA. As a result, there is a shift in the spectrum also compared to mSUGRA. The thermally averaged cross-section are also modified. The shifts would be largest in the absence of any constraint from lepton flavor violation. For this reason, we look for overlapping regions between the cancellation and co-annihilation regions. Secondly, the cancellation region lies within a small narrow band. To the left and right of this band there could be regions of partial cancellations. These are present in Figs. (5) . A discussion connected with this issue is present in Appendix [B].
3 Flavored Co-annihilation in δ-NUHM As we have seen in the previous section, in δ-mSUGRA, the µ parameter gets tied up with the neutralino mass in the co-annihilation region, thus leaving little room for cancellations within the flavor violating amplitudes. In the NUHM models, which are characterized by non-universal soft masses for the Higgs alone [39] thus providing enough freedom 9 in terms of m 10 and m 20 to allow cancellations in the LFV amplitudes to co-exist with co-annihilation regions.
The dark matter phenomenology of NUHM models has been studied by several authors [39] [40] [41] [42] [43] [44] . The LSP is a neutralino in large regions of the parameter space and further, it can admit large Higgsino fractions in its composition unlike in mSUGRA. For simplicity, we concentrate on Bino dominated regions in the following. In such a case the lightest neutralino mass, in terms of SUSY parameters is as in mSUGRA: and vary δ and m 0 . In effect, this corresponds to the combination of horizontal sections of the coannihilation regions of all the panels in Fig .(5) (Fig. (6) ) for δ-mSUGRA (δ-NUHM). In Fig. (7) we plot the dominant channels as a function of δ in δ-mSUGRA. All the points satisfy relic density within WMAP 3σ bound and lie in the co-annihilation region. Rest of the phenomenological constraints are also imposed. m 0 is varied from 100 to 600 GeV, whereas M 1/2 is fixed at 500 GeV, tan β = 20 and sign(µ) > 0. The Y-axis is percentage contribution to the thermally averaged cross section, σv defined by % σv ij→mn = σv ij→mn σv total × 100 (4.1) Table 3 . It should be noted that flavor violating constraints are not imposed for δ-mSUGRA in this analysis. The current limits on BR(τ → µ + γ) constraint |δ| 0.11 in the parameter space presented in the figure. For those values of δ we see that the flavor violating channels contribute up to 5% of the dominant channel contribution. Larger values of δ are not allowed after the imposition of this constraint as there is no overlap between cancellation regions and co-annihilation regions in δ-mSUGRA. However, to study the features of the channels with respect to δ it would be useful not to impose the BR(τ → µ + γ) constraint for the present. The upper left panel shows the % σv forχ 0 1χ 0 1 → ll, which contributes about 5% total to σv in this region of parameter space. In this case, the initial state masses are independent of δ and m 0 , and thus, the only variation comes from the mass of intermediate state particle (l 1 ). In Table ( 3), we presented the sample points which are represented in the plot. From the points, I and II of table 3, we see that a slight shift of 5 GeV in m 0 is still allowed by WMAP 3σ limits, which changes theχ 0 1χ 0 1 cross-section by about 40%. This is the reason why the band of allowed points is broad in this channel. Other dominant channels are represented in subsequent panels of the figure. From the panel it is obvious that the dominant contribution comes fromχ 0 1l 1 → γ τ andl 1l1 → τ τ channels. Each of which contribute to about 35% and 25% respectively to σv . Most of the flavor violating counterparts of these channels behave as expected, i.e. at large δ, they become comparable Here all the points satisfy WMAP 3σ bound (2.8). For the above plots tan β is fixed to 20 and sign(µ) > 0. Flavor violating constraints are imposed here, which causes the discontinuous regions in each of the channels.
to the flavor conserving ones. One exception of this is thel 1l1 channel. Here the initial state composition crucially depends on 'δ' and also onτ LτR mixing. In such a situation, its clear that the initial state cannot be attributed any flavor quantum number. In fact we find that theμ (smuon) component ofl 1 can be large ∼ 50% even for δ ≈ 0.2 in some regions of parameter space. We see from the figure that the flavor violating final states dominates over the flavor conserving ones, as δ grows beyond δ 0.2. The exact point of crossing of the flavor violating channels over flavor conserving ones is dependent on the parameter space chosen, crucially on tan β and µ. This is because the effectiveμ LτR and/orμ RτL coupling generated play an important role in determining the initial state composition. The last two panels shows some of the channels, which contribute negligibly to the σv . In Appendix [E] we have given approximate formulae in m τ /m µ → 0 limit for the dominant cross-sections. Using these and approximate formulae presented in appendix A features of full numerical analysis can be verified. More detailed analysis of cross-sections in the presence of flavor violation is various dark matter allowed regions will be presented elsewhere [45] . In Fig. 8 , we present similar plots form channels in δ-NUHM case for the parametrization chosen in the previous section. Here we have imposed BR(τ → µγ) 4.4 × 10 −8 to be satisfied along with relic density constraints. These channel show a similar pattern here as in δ-mSUGRA. However, as we can see from the panels, there is a gap between δ = 0.2 to δ = 0.7 where the parameter space does not satisfy BR(τ → µγ)
4.4 × 10 −8 . For points below δ 0.2, this constraint is satisfied as 'δ' is too small to generate appreciable τ → µ + γ amplitudes. For δ 0.7, the constraint is now satisfied because of the overlap between the cancellation regions and co-annihilation regions. The relative contribution in the overlap region is magnified in Fig. 9 where all the channels contributions are presented between 0.70 δ 0.85. As we can see, flavor violating channels strongly compete with flavor conserving ones. A sample of the points in δ-NUHM is presented in Table 4 , where points IV and V represent low δ values whereas point VI represent the large δ value signifying overlapping regions.
Finally a note about relative contribution to relic density. We have
For small δ ∼ O 10 −2 where σv contribution to flavor violating channel is small, the estimate of relic density does not modify much from the flavor conserving case. However for large enough δ ∼ O 10 −1 , one tends to overestimate relic density, if one does not consider flavor violating scatterings while computing the thermally averaged cross-section.
Summary and Outlook
We have generalized the co-annihilation process by including flavor violation in the sleptonic µ − τ (RR) sector. The amount of flavor violation admissible is constrained to be small by the limit on the BR(τ → µ + γ). This constraint is significantly weakened in regions of the parameter space where cancellations in the amplitudes takes place. We look for regions of parameter space where there is a significant overlap between cancellation regions and co-annihilation regions. The search is done in mSUGRA and NUHM augmented with one single flavor violating parameter in the µ − τ (RR) sector. We found that while no significant overlap is possible in δ-mSUGRA, δ-NUHM allows for large regions where significant overlap is possible. The presence of flavor violation shifts the lightest slepton co-annihilation regions towards lighter neutralino masses compared to mSUGRA. While computing the thermally averaged cross-sections in the overlap regions, we found that flavor violating processes could contribute with equal strength and in some cases even dominantly compared to the flavor conserving ones. This is true even for δ 0.2 in some regions of the parameter space. Neglecting the flavor violating channels would lead to underestimating the cross section and thus in overestimating the relic density. A point to note is that if flavor violation is present even within the presently allowed limits, it could still change the dominant channels by about 5% in δ-mSUGRA and more in δ-NUHM. Finally, We have probed only a minor region of the parameter space in the present work demonstrating the existence of such regions. A comprehensive analysis of such regions and the associated phenomenology of their spectrum would be interesting in their own right.
In this respect, a few comments on flavor violation at the LHC and ILC are in order. Detection of lepton flavor violation at the colliders like LHC is strongly constrained by experimental limits on rare lepton flavor violating decays. One standard technique to detect flavor violation at colliders is to study the slepton mass differences using end-point kinematics of cascade decays [46] . The typical sensitivity being discussed in the literature [47] . In the presence of ∆ µτ RR splittings are generated in all the three eigenvalues [48] , e − µ , µ − τ , e − τ sectors. In the case discussed in this work, the typical splittings are O(20)% to O(70)% as the constraints from LFV experiments are evaded. Thus, far less sensitivity is required to measure these splittings compared to the regular case. Further investigations in this direction are however needed. Another interesting aspect of this scenario would be to measure widths for LFV decay processes likeχ 0 2 →χ 0 1 l
These widths have been studied for the case of right handed slepton flavor violation in [49] . In NUHM, with a comparatively smaller value of µ one could expect large production cross sections forχ 0 4 andχ ± 2 in the decays of colored particles. In fact, a full Monte Carlo study has been reported by Hisano et al. [33] for a particular parameter space point in the model.
At the linear collider, it should be possible to identify theτ co-annihilation region [50] [51] [52] [53] [54] by studying the polarization of the decayτ 1 →χ 0 1 τ . In the presence of flavored co-annihilations one should be able to see flavor violating decays ofτ 1 . Heavier particles likeτ 2 and charginos would also have flavor violating decays.
Finally lets note that we have considered the cancellations in the dipole operator of the τ → µ transitions, it does not guarantee us suppression in amplitudes associated with other operators. For example, in this region τ → µ η or τ → µ η could be sizable (∼ 10 −9 − 10 −10 ) [55] , which could be probed in future B-factories. Whereas, τ → µ γ will continue to remain constrained and thus will not be detected.
The focus of the present work has been to introduce new regions of parameter space where flavor effects in the co-annihilation regions could be important. More generally flavor effects could play a role in any dark matter 'regions' of the SUSY parameter space. Such studies are being explored in [45] .
A Approximate Solutions
A.1 mSUGRA Case
In the approximation of small Yukawa couplings, we retain only Y t , Y b , Y τ and solve the RGEs semi-analytically. For the first two generations of the particles the dependence on tan β is very weak, so we take them to be valid for all tan β. In deriving the approximate expressions we have taken m t (M Z ) = 165 GeV, m b (M Z ) = 3 GeV and m τ (M Z ) = 1.77 GeV. For tan β = 5, the first two generation masses at the weak scale are 2) can be diagonalized as follows. First the lower 2 × 2 block is rotated by an angle θ, given by,
The eigenvlaues of this lower block can be easily read off from the mass matrix. They are (which is true for low tan β regions), the eigenvalues have the following form:
Next we have to diagonalize theτ LR entry. The eigenvalues after this rotation are approximately given as
∆τ LR (the corresponding angle is very small in this limit) 10 , which is the case for large δ, we can write the above eigenvalues as
So, the lightest eigenvalue of the effective 4 × 4 mass matrix of eq.(2.2) is given as Which essentially suppresses the left-right mixing term compared to eq. (2.4). And demanding the lightest eigenvalue to be non-tachyonic we get an upper bound on δ RR as below
Which matches with eq. (2.5) in the limit cos θ µτ → 1.
In Fig.(10) we have plotted the tachyonic condition (R.H.S of eq. (B.9)) using the approximate results of Appendix [A] . It has been plotted for two values of tan β 20 and 35. The contours represents the upper bounds on δ in those regions of the parameter space to avoid tachyonic leptons. As we can see, increasing tan β, tightens the bound a bit. In Fig.(11) we have shown the cancellation condition µ 2 m 2 τ R and the co-annihilation condition ml
for two values of δ = 0.8 and 0.9. In both the pannels, the brown and magenta solid lines indicate co-annihilation condition for δ = 0.8 and 0.9 respectively. The green dashed line satisfy the cancellation condition, whereas the orange and red dashed lines satisfy the cancellation condition with the µ parameter being 30% corrected than its tree level value. Comparing the Figs. (10) and (11) we can see that there could be some points which could evade both the tachyonic condition as well as have cancellations amongst the LFV amplitudes and still satisfy the co-annihilation condition. However in practice in full numerical calculation, we could not find any points consistent with both these conditions as other phenomenological constraints rule them out. As can be seen from the figure, a 30% correction to the µ parameter could shift the overlapping region to very small values of m 0 , M 1/2 or no overlap at all for δ 0.9. This approximates the implications of adding the full 1-loop effective corrections to the SUSY scalar potential. However, the co-annihilation region could allow for partial calculations in LFV amplitudes. Such regions are difficult to distinguish in a numerical analysis.
We will now return to Eq. (B.5) and consider the limit m 2 τ L − λ 2 − ∆τ LR , which is an interesting limit as it is relevant for the regions which appear in channels plots discussed in section 4. From eq. (B.6), there could be a value of δ as well as parameter space in m 0 , M 1/2 , tan β where m 2 τ L λ 2 − . In these regions, the corresponding mixing angle is very large and the subsequent diagonalization is very different. It turns out that at least three mixing angles in the slepton mass matrix are large in this parameter space. The plots presented in Figs. (7) and (8) contain these regions. More details of these regions will be discussed in [45] .
C Numerical Procedures
C.1 SuSeFLAV and MicrOMEGAs
The numerical analysis is done using publicly available package MicrOMEGAs [35] and SuSeFLAV [56] . SuSeFLAV is a fortran package which computes the supersymmetric spectrum by considering lepton flavor violation. The program solves complete MSSM RGEs with complete 3 × 3 flavor mixing at 2-loop level and full one loop threshold corrections [57] to all MSSM parameters and relevant SM parameters, with conserved R-parity. Also, the program computes branching ratios and decay rates for rare flavor violating processes such as µ → eγ, τ → eγ, τ → µ γ, µ → eγ, µ − → e + e − e − , τ − → µ + µ − µ − , τ − → e + e − e − , B → s γ and (g − 2) µ .
In the present analysis we use M 77 GeV. In determining the lightest higgs mass (m h ) we use approximations for one loop correction which are mostly top-stop enhanced [58] . We use complete 6 × 6 slepton mass matrix to correctly evaluate the inter-generational mixings and masses in the presence of flavor violation.
Moreover we consider flavor violating couplings stemming from lepton flavor violation in the RR sector ofτ −μ. • Neutralino-slepton-lepton:
The interaction Lagrangian for neutralino-slepton-lepton is written as The Interaction Lagrangian for chargino-slepton-neutrino is
Where the coefficients are
Where, U X,i is the 6 × 6 matrix which diagonalizes the sleptonic mass matrix, here the indices i = 1 to 3 and X = 1 to 6. 
C.2 Constraints Imposed
• We check for efficient radiative electroweak symmetry breaking, requiring |µ| 2 > 0 for valid points.
• We require mτ > m χ 0 as LSP is neutral. Regions for which this condition is not true is excluded asτ LSP regions.
• We impose lower bounds on various sparticle masses that results from collider experiments. m h > 114.1(GeV ), m χ ± > 103.5(GeV ) and mτ > 90(GeV ) [60] .
• 2.0 × 10 −4 ≤ BR(b → s γ) ≤ 4.5 × 10 −4 [37] .
• We also check for the D-flat directions, while checking for the EWSB condition and charge and color breaking minima [61] [62] [63] .
D Loop Functions
In this appendix we define the relevant loop functions that contribute to the amplitudes of flavor violating leptonic process BR(τ → µγ) as presented in the appendix of [30] x
I B,R and I R are defined as follows,
3)
The functions g 1 and h 1 are defined as follows, g 1 (x) = 1 − x 2 + 2x ln(x) (1 − x) 3 , h 1 (x) = 1 + 4x − 5x 2 + (2x 2 + 4x) ln(x) (1 − x) 4 (D.4)
E Cross-Sections
In this appendix we present the approximate formulae for the relevant cross sections. We do not attempt to discuss a complete comparison of the analytical expressions and full numerical results in the present paper, that is left for an upcoming publication. These expressions generalize the existing expressions [64] in the literature to include full flavor violation in the sleptonic sector. The expressions are presented only for the dominant channels and in the limit m τ , m µ → 0. More detailed expressions and their simplifications will be discussed elsewhere [45] .
The cross-section ofl 1l1 → τ τ process is as follows. This process involves t-and u-channel χ 0 1 exchange. In the following and in rest of the cross-sections e is the electric charge, θ W is the weak mixing angle and M W is the mass of the W-boson. We get the simplified form 
